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INTRODUCTION 
Incidents of a phenomenon, sometimes called ceiling-
floor partition separation, (CFPS) have been increasing in 
recent years. Generally, CFPS can be described as crack-
ing or breaking of the ceiling drywall joints at the juncture 
of a roof truss and an interior partition or along the junc-
ture of the ceiling and a kitchen soffit, or, occasionally, a 
separation at the junction of the partition and the floor, as 
diagrammed in Figure 1. 
This publication reports on five projects designed to 
determine the cause or causes of CFPS. The first is a sum-
mary of information collected from visitor or telephone 
inquiries, personal field observations, Truss Plate Institute 
(TPI) data forms, and from discussions with builders and 
fabricators. Three projects include three separate, full-
scale truss set-ups to investigate moisture and tempera-
ture relationships of truss I umber. The fifth project investi-
gated longitudinal shrinkage of juvenile and compression 
wood sometimes found in lumber used in light-frame 
construction . 
An earlier background paper was presented at the 
1979 Metal Plate Wood Truss Conference (7). Financing 
for this research was provided, in part, by TPI; the Wood 
Research Laboratory, Purdue University; and the Small 
Homes Council-Building Research Council atthe Univer-
sity of Illinois. 
PROJECT 1- Summary of Field Data 
CFPS does not occur in every house or structure. If it does, 
it may occur only in isolated portions or under certain 
trusses, although observations have been made where 
practically every truss has 'bowed or arched' up. Often 
only one or two trusses move, and, in two specific cases, 
only one member in the lower chord of a single truss had 
bowed. (Information has also been collected on ceiling 
and floor joists bowing between the supporting walls.) 
CFPS can be classified into one or more of the four select-
ed categories listed in the summary of this section. How-
ever, without actually monitoring the trusses from lumber 
storage through fabrication to the completed construc-
tion, and making field measurements through a full heat-
ing season, one cannot be absolutely certain each report-
ed incidence is the result of the truss rising or 'arching'. 
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Reports and observations have been received from 
many areas, principally from the colder winter climates 
where greater amounts of insulation have been used: 
Minnesota, Illinois, Iowa, Indiana, Pennsylvania, Ohio, 
North and South Dakota, Colorado, Nebraska, Okla-
homa, Wisconsin, New York, Canada, and Alaska. States 
with warmer winter climates where CFPS has occurred 
include Kentucky, Virginia, Maryland, Texas, Arizona, 
Louisiana, Mississippi, Tennessee, Georgia, Florida, Mis-
souri, West Virginia, and Washington, D.C. Correspon-
dence has also been received from Norway, Denmark, 
England, and Australia. Figure 2 shows the general loca-
tions in the U.S. where reports and field observations 
have produced at least partial data. 
Truss Configuration and Lumber 
The data show that the products of at least 12 different 
metal-plate companies, as well as nail-glued plywood 
connections, are involved. Truss configurations include 
King-post, Howe, Fink, sloped-ceiling WW, mono-
pitched, and other non-symmetrical types. Spans range 
from 20' up to 55', and slopes up to 8/12. Longer-span 
trusses have also probably moved, but where partitions 
are not present, as in some types of light commercial con-
struction, the phenomenon is not as noticeable. 
The predominant chord lumber sizes have been 2 x 4 
and 2 x 6, with 2 x 4 or 2 x 3 webs. The predominant 
species group reported in the U.S. has been Southern 
pine; however, Douglas fir has been reported from Wash-
ington state, Minnesota, and Iowa. Canada has reported 
many cases with Spruce-pine-fir lumber (6). This species 
grouping may include black spruce, jack pine, and 
balsam fir from the Eastern part of Canada, and alpine fir, 
lodgepole pine, and white and Englemann spruce from 
the Western areas. Several cases have been observed 
with trusses fabricated with 2 x 6 Hem-fir top chords and 
2 x 4 Southern pine bottom chords, arid also with Hem-fir 
as a single species group. Lumber moisture content 
recorded from the field studies generally show higher 
levels in the top chords and webs than in the lower 
chords. In attics with thick insulation, the measured mois-
ture content of the lower chords has averaged 8%. The 
webs and upper chords have averaged 12%. It should be 
noted at this point that reliable humidity data is practi-
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separation may appear 
at ceiling line 
Figure 1. CFPS is described as cracking of the ceiling drywall or a separation at the floor line at a partition location. 
Figure 2. General locations of reports and field observations throughout the United States. 
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cally impossible to obtain with standard humidity instru-
ments; when attic temperatures fall below the freezing 
point, the water in the wet-bulb of the humidity instru-
ment freezes. 
CONSTRUCTION 
The most prevalent location of CFPS in houses has been 
in the vicinity of bathrooms, kitchens, and near furnace 
rooms. CFPS has been recorded in slab-on-grade, base-
ment, crawl-space, and two-story houses. Floor construc-
tion has included wood joists and girders, wood joists on 
steel 1-beams, and split-level houses with parallel-chord 
floor trusses. The incidents have occurred most frequent-
ly in recent reports where the attics had been heavily 
insulated, generally 8-18 inches deep, or as much as 24 
inches of blown-in insulation, but have occasionally 
been observed with lesser amounts. Observations have 
been recorded where bathroom and kitchen vent fans, 
and, in some cases, clothes dryers had been vented into 
the attic. The most severe 'arching' observed to date, 
however, has been in two houses with electric heating 
elements or wiring embedded in the ceiling plaster, 
which was covered by a vapor barrier and 18 inches of 
insulation. The data show that about half the structures 
contain ceiling vapor barriers. Often in these heavily in-
sulated attics, the soffit vents have been inadvertently 
closed off. Because heavy insulation was used to increase 
the 'R-value', the lower chords (or the lower portions of 
ceil ingjoists) of the trusses are covered, resulting in differ-
ent environmental conditions between the top and 
bottom chords of the trusses, or between the top and 
bottom portions of ceiling joists. This can result in an in-
crease in temperature in the lower-chord lumber, with a 
subsequent lowering of the moisture content. Tempera-
ture measurements of the lower-chord lumber has ranged 
between 55°F and 8CJ'F. As mentioned earlier, the differ-
ences in moisture content can cause a differential in 
shrinkage, or swelling, and subsequent movement in the 
truss. Longitudinal shrinkages or swelling of either the 
bottom or top chords, or both, from different levels of 
humidity or temperature could cause the truss to 'arch' 
upwards. This topic will be covered later. 
The data collected from 731 reports and personal ob-
servations is summarized in Table I. It should be pointed 
out that all instances cannot be verified as the result of 
truss 'arching', nor can the phenomenon be attributed to 
one single cause. However, when a separation has been 
reported or observed, the information has been included 
in the summary even though complete data was not avail-
able for all the reports. From the data, it can be seen that 
the majority of CFPS 'cases' have been reported as occur-
ring only once, usually at the beginning of or during the 
first heating season. Some of those reported as 'one-time' 
and the remainder may recur in subsequent years after 
returning to the original position after the heat had been 
turned off for the summer. 
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TABLE 1. Data Summary 
This data is from both reports and field observations. 
A portion is from an organized survey; the remainder 
is from voluntary reports which, in many cases, did 
not include complete data for each category. There-
fore, the percentages are related only to data with 
completed categories. All 731 reports cannot be 
verified as truss 'arching', but have been included 
because cracks have developed at the ceiling or 
floor juncture of partitions. 
Truss type Percentage 
King-post 3°lo 
Fink 21°lo 
Howe S6°lo 
Mono 2°lo 
ww S0lo 
Sloped-ceiling 3°lo 
Others 1 0°lo 
Spans 
up to 26' 23°lo 
26' to 30' 62°lo 
over 30' 1S0Io 
Slopes 
up to 4/12 32o/o 
4/12 to 6/12 64°lo 
over 6/12 4°lo 
Species 
Southern pine 89°lo 
Douglas fir S0lo 
Hem-fir 3°lo 
S.P.F. 3°lo 
lnsul. thickness 
8" 2S0Io 
10" 4S0Io 
over 1f1' 30°lo 
Ceiling vapor barrier 
Yes 44.S0Io 
No SS.S0Io 
Measured lumber moisture content 
Top chords 12.S0Io 
Bottom chords 8°lo 
Measured temperature (ave.) 
Attic air 20°F 
Lower chord 60°F 
Frequency of occurrence 
One time 7S0Io 
Recurring 2S0Io 
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Figure 3. Examples of juvenile and compression wood. 
For this report, four separate categories have been de-
fined , all of which have caused CFPS with tru ss 
construction: 
1. Shrinkage of the floor girders, floor joists, and/or wall 
plates, 
2. Settlement of the gi rder col umns in crawl-space con-
struction, caused by columns which have been sup-
po rted on concrete pads without adequate footings. 
Freezing and thawing action or settlement of the foun-
dation walls cause ceiling cracks along an exterior 
wall. 
3. Carpenters often pull out the camber which is built-in 
to the lower chord of longer trusses during attachment 
of the truss to the interior walls. Subsequently, the truss 
tends to return to its original cambered shape during 
relaxation and stabilization of tbe I umber around the 
nails used to attach the truss to the partition. 
4. Shrinkage of the truss lumber, which had been 
shipped and stored without adequate protection from 
the elements, in reaching an equilibrium with the sur-
rounding temperature and humid ity conditions in the 
attic. Shrinkage of the lower chord relative to the 
upper chord will cause the truss to arch upward. 
Occasionally, twisted, warped, or bowed lumber will 
be used by straightening in the truss-jig during fabrica-
tion, but will tend to return to its original shape in 
reaching this equilibrium. Included in this category is 
the characteristic of abnormally high longitudinal 
shrinkage found in juvenile and compression wood, 
characteristics found in trees during the early stages of 
growth, especially in wood from rapid-grown planta-
tion material (1 ). Juvenile wood is generally consi-
dered to be the pith of the tree and the first fifteen or 
twenty years growth. It has higher longitud ina I 
shrinkage characteristics than later, mature wood. 
Compression wood is an abnormal development of 
wood branches and trunks on leaning trees. It is 
heavier than normal wood, not as strong, and shrinks 
and swells excessively longitudinally (along the 
grain), as much as 5-10 times more than normal 
wood (5, 9, 14, 15). Examples of juvenile and compres-
sion wood are shown in Figure 3. 
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Truss and lumber Studies 
Four addi t ional studies were made to try to duplicate the 
'arching' action under controlled condit ions: II) measure-
ment of a pai r of fu l l-scale trusses with the top chord 
lumber moisture content maintai ned at a high level, Il l) a 
fu ll -sca le truss set-up using four different species of 
lumber, IV) a full-scal e sloped-ceiling truss design in a 
house addition , and V) a lumber study measuring longi-
tudinal shrinkage. 
Project II 
Thi s project involved two full -scale, 26-foot Howe trusses 
fabricated with high-moisture-content Southern pine 
lumber. These were supported on two-foot-high wall sec-
tions and the lower chords instrumented with mirror and 
ruler devices with weighted lines for measuring move-
ment. No sheathing was attached, but the trusses were 
loose ly tied together to provide stabili ty . The top chords 
were ca refully wrapped to prevent drying and the lower 
chords left exposed to room atmosphere. Gauge read ings 
w ere taken at regular intervals. As the lower-chord 
lumber d ried, both trusses 'a rched' as shown in Figure 4. 
After the t russes had reached their maximum rise in 
less than 50 days, the upper chords were unwrapped, 
allowing the moisture content to come to equilibrium 
with the lower chords, causing the trusses to deflect back 
to near starting level. The east truss, however, retained 
some residual upward deflection due to an unknown 
cause. 
Project Ill 
This project consisted of fabricating five full-scale 26-foot 
Howe trusses also calilbrated to measure possible 'arch-
ing'. The object was to observe the effect of adding ceiling 
insulation (R-30) and heating the lower chords to 65°F. 
The trusses were spaced approximately 12 inches apart 
with no sheathing but tied together for stability, as in 
Figure 5. They were fastened to two-foot-high insulated 
wall sections to form a heat chamber. A similar taut-line 
and mirror-ruler arrangement was installed to measure 
movement, with the line stretched along the centerline of 
each truss. The lines were positioned on rollers and 
weighted to eliminate the variable of movement of the 
supporting end-walls. The trusses were not attached to an 
interior partition to facilitate making accurate readings . 
Each truss was from a single species group, Hem-fir, 
D.Fir, Spruce-pine-fir, and two trusses from Southern 
pine lumber. One of the pine trusses was random 2 x 4's, 
No. 2, KD with some juvenile wood, and the other from 
the same bunk of lumber, but with various amounts of 
juvenile and compression wood. The moisture content of 
the pine lumber averaged 25% at time of fabrication. (The 
lumber had been stored unprotected from the elements.) 
The lumber used in the remaining three trusses ranged in 
moisture content from 12% to 18% at ti me of fabrication 
and was randomly selected from covered bunks. 
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Figure 4. Movement of test trusses. 
The top chords were left exposed to the atmosphere of 
an unheated pole-frame storage building, and the lower 
chords were maintained at 65°F during the fall and 
winter seasons. During the first heating season, all of the 
lower chords stabilized at an average M.C. of 8%, and 
the top chords at an average of 12%. The truss containing 
the juvenile and compression wood, truss No. 1, bowed 
out of plane sideways and )arched' up 18 mm. (0.71"), as 
indicated in Table 2. The second pine truss, containing 
lesser amounts of juvenile wood, arched 13 mm (0.51"). 
The Hem-fir truss fluctuated only slightly, the D.Fir 
arched 5 mm (0.20''), and the S.P.F. truss 7 mm (0.2~"). 
After the heat had been turned off for the summer sea-
son, all of the trusses returned to their original position. 
Repeating the heating process for the second season pro-
vided almost identical results. For the third season, the in-
sulation was removed and the heat not applied. At the 
height of the coldest weather of the season, January, 
. 1982, no measurable movement had occurred in any of 
the trusses. (Needless to say, it would be foolish to con-
clude that the problem could be solved by not insulating 
the ceiling or heating the house.) 
Project IV 
The third study consisted of a sloped-ceiling truss design 
used in the roof structure of a frame addition joined to a 
log cabin in Nashville, Indiana. The span was 24-feet, 
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with a roof-slope of 4!12 and a ceiling slope of 1 Y2!12, as 
in Figure 6. In this set-up, the lower chords were covered 
with insulation averaging R-30. Matched lumberfrom the 
same sources as in Study Project Ill was used to fabricate 
four of the trusses: Southern pine, No. 2 K.D.; D. Fir; 
S.P.F.; and Hem-fir. These four extra trusses were slipped 
in at one-foot centers, between the existing units; The six 
additional calibrated units were fabricated with No. 1, 
Dense K.D. Southern pine lumber. The pine truss with 
Figure 5. Five-truss setup. 
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Figure 6. Sloped-Ceiling truss setup. 
some compression and juvenile wood 'arched' a maxi-
mum of 10 mm (0.39''). All of the remaining nine trusses 
'arched' but to a lesser degree. Measurements for the 
second year were identical for all practical purposes. The 
heat was not turned on for the third season, and as of 
January, 1982, no measurable movement had occurred. 
Detailed data is shown in the Appendix. 
Figure 7. Study specimens; CJ specimens in stack on the 
right, 11normal" on the left. 
Project V 
A fifth study was undertaken to pursue the conjecture that 
seasonal uplift in wood roof trusses could be caused by 
longitudinal length change in chord lumber induced by 
the seasonal development of differences in moisture con-
tent between upper and lower chords. When the lower 
chord is buried ih insulation and in contact with the warm 
TABLE 2. Center-line Truss Rise 
Rise in inches at the center-line of each truss measured relative to the summer equilibrium position. This is a 
summary of the data from the five-truss set-up. Complete data is provided in the Appendix. 
Truss No. 1 2 3 4 5 
Southern pine Southern pine 
Species !Compression and Douglas fir random with S.P.F. Hem-fir 
juvenile wood random some juvenile random random 
Grade No.2, KD No.2, S-dry No.2, KD No.1, S-dry No.1, S-dry, N 
1979-1 980 
Heat on, Oct. 26 
(65°F) 
Rise at maximum 0.71" 0.20" 0.51" 0.28" 0 
March 13, 1980 
Heat off, Apr.'80 
Rise at minimum 0.12" 0 0.12" 0.08" 0 
June 12, 1980 
1980-1981 
Heat on. Oct. 2 
(65°F) 
Rise at maximum 0.71" 0.24" 0.55" 0.20" 0.08" 
Feb. 12, 1981 
Rise at minimum 0 0 0.08" 0 0.08" 
Apr. 2, 1981 
1981-1982 
no heat, insul. 
removed, Jan. , '82 0.04" 0.08" 0.08" 0.08" 0.08" 
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ceiling gypsum board, it has been observed to be from 5% 
to 8% lower in moisture content than the upper 
chord. It is known also that both juvenile wood and 
compression wood shrink markedly more than normal, 
mature wood. This has given rise to the theory that these 
characteristics could play a significant role in seasonal 
upl ilft. Further support is given to this theory when it is 
noted that relatively few roof-truss constructions exhibit 
enough seasonal up I ift to cause a noticeable amount of 
separation at the ceiling-partition intersection. This pro-
babilistic aspect suggests that the presence or absence of 
some material characteristics or environmental effects 
could cause serious uplift to occur under specific condi-
tions. The moisture-temperature environment can aggra-
vate the problem, but even when these are relatively the 
same from house to house, some few will experience 
ceiling-partition problems while the others do not. The 
need for more specific information on the longitudinal 
shrinkage of truss lumber with and without compression 
and juvenile wood led to this study. It provides a quantita-
tive comparison of shrinkage characteristics, their varia-
tions, and the possible influence of these on roof trusses. 
Longitudinal shrinkage has been studied at the U.S. 
Forest Products Laboratory, and a helpful report, (13 ), 
dating to the 1930's, and revised in 1960, shows shrink-
age value for 30 species of wood over the pertinent range 
of moisture content. This report also gives informa-
tion on the wood characteristics associated with exces-
sive shrinkage of juvenile and compression wood. Wide-
ringed, abnormally light-weight wood is also identified 
as exhibiting excessive shrinkage. Such wood is frequent-
ly found in 2 x 4 lumber containing all or portions of the 
pith center, which indicates that it is both juvenile and 
low in density. 
The primary objective of project V was to select two 
types of lumber- one sample set having both obviously 
detectable amounts of compression wood with possible 
inclusion of juvenile wood (identified here as CJ lumber) 
and the other sample set having neither detectable 
compression nor juvenile wood (identified here as con-
trol lumber), see Figure 7. Almost all pieces in the first set 
contained both compression and juvenile characteristics. 
This separation was made with the objective of having the 
CJ lumber defined so that it could be identified quickly by 
visual means and, hopefully, with a minimum of training. 
(More accurate but campi icated procedures are avail-
able, such as slicing the specimens for microscopic 
identification, but such a process is impossible for field 
separation of lumber, and consequently irrelevant to this 
study.) 
The material was collected from two sources, one in 
Illinois and one in Missouri. Southern pine lumber was 
chosen because of its widespread use in truss construc-
tion. Specimens for each set were selected from indivi-
dual bunks of lumber at each of the fabricator plants. The 
No.,2 KD grade material was from one mill source and the 
No. 1 KD grade was from another, each set containing at 
least 25 or more pieces from each source. The pieces 
were cut at the site to approximate length, moisture con-
tent measured, and each piece marked for identification. 
At the laboratory, they were cut to a precise length of 40 
inches, because this length had been used in the U.S.For-
est Products Laboratory studies and is considered long 
enough to sample the characteristics of the lumber yet 
short enough for convenient drying, handling, and 
measurement. 
A device was built to measure the length of the lumber 
at each stage of the experiment (Figure 8). It consists of a 
1" x fJ' steel bed-plate with two .001-inch dial gauges 
mounted so as to locate the relative position of each end 
of the lumber. Downward clamping pressure is provided 
at three points along the piece to eliminate warp effects in 
the narrow dimension of the lumber. Lateral clamping is 
provided at each end of the piece to provide for precise 
alignment of the dial gauge tips with center marks scribed 
on the lumber. The possible effect of longitudinal shifting 
of the piece while the clamps were set was overcome by 
the use of two dial gauges whose readiogs could be 
summed to obtain the length of the piece relative to the 
base length of a 2" x 4'' x 4a' aluminum calibration bar. 
The calibration bar was used at the beginning and at the 
end of each set of measurements to confirm the integrity 
T ABt.E 3. Longitudinal Shrinkage 
The percent longitudinal shrinkage statistics are given for two moisture-content intervals- 30°/o to 20°/o and 30°/o to 
10%. Each row in the table represents a lumber category. The coefficient of variation is the standard deviation divided 
by the average. The specimens designated 'control' had no observable compression or juvenile wood; those desig-
nated 'CJ' contained compression and/or juvenile wood. 
Grade Sample Ave. M.C. Moisture content 30°/o to 20°/o Moisture content 30o/o to 1 Oo/o 
Southern Wood Size when Shrinkage Coefficient of Shrinkage 
: 
Coefficient of 
Pine Type (no.) collected (ave.) variation (ave.) variation 
No. 1-KD control 28 19.4o/o .0126°/o 1.214 .0327°/o .878 
No. 1-KD CJ 28 18.6°/o .0863°/o .750 .1624°/o .745 
No. 2-KD control 25 20.3°/o .0375o/o .873 .0670°/o .824 
No. s-KD CJ 26 20.7o/o .1871°/o .680 .3693°/o .750 
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Figure 8. Apparatus used to measure length change in 
shrinkage specimens. The two dial gages record the 
position of each end of the piece relative to the bed of 
the machine and relative to an aluminum calibration 
bar. 
of the measuring apparatus over the duration of the study. 
All of the specimens were submerged in water for ap-
proximately two months to condition the wood to an ini-
tial green moisture state, which, for calculation purposes, 
was taken to be 30%. At this time, each piece was 
inserted into the measuring device and dial-gauge read-
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ings were recorded to define green length. All pieces 
were then stacked on kiln-stickers in an experimental-
size dry kiln and dried to 20% moisture content accord-
ing to a research-type schedule supplied by the U .5. 
Forest Products Laboratory. At this point, all length 
measurements were repeated. The material was returned 
to the kiln and dried to 10% moisture content, followed 
by a final set of length measurements. During the drying 
process, moisture content was determined from weekly 
checks with moisture meters on 20 specimens distributed 
throughout the stacks and from standard oven-dried sam-
ples cut from extra lumber pieces (14). The total drying 
process covered 60 days. 
The clamping devices in the measurement apparatus 
worked well enough to eliminate the effect of curvature in 
the narrow direction of the pieces. Clamping was not 
used to straighten the pieces in the wide-face direction, 
but deviations in an originally straight center line were 
measured and recorded. At the end of the experiment, 
these were not considered sufficiently large to affect the 
outcome of the study and were, therefore, neglected in 
the analysis. 
The recorded data were entered into computer files 
and percent shrinkage figures were calculated for each 
NlKD GRADE 
w Severe Warp 
+ Compression/Juvenile Wood 
X "N 11 Wood 
m N 
N 
lSI 
ID 
N 
19 
PERCENT SHRINKAGE FOR 5 PERCENT MOISTURE CONTENT LOSS 
Figure 9. Individual data points for both types of N 1 KD lumber. The control or "normal" lumber is indicated by a path 
of x symbols and the CJ lumber is indicated by a path of + symbols. An x or + is replaced with a w if the piece 
warped severely during the drying experiment. 
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Figure 10. Individual data points for both types of N2KD lumber. The control or "normal" lumber is indicated by a 
path of x symbols and the CJ lumber is indicated by a path of+ symbols. An x or + is replaced with a w if the piece 
warped severely during the drying experiment. 
piece for each of the two drying intervals. Table 3 is a 
statistical digest of the results in terms of percent longi-
tudinal shrinkage. A few pieces, particularly in the 
control lumber, lengthened during drying, which is a 
previously observed phenomenon mentioned in U.S. FPL 
Report 1093. In general , the shrinkage figures obtained in 
this lumber experiment agree with those of the latter 
report. A particular item of note in this experiment is the 
high variability in shrinkage as indicated by the coeffi-
cients of variation in Table 3. This may shed further light 
on the probabilistic aspect of trusses that rise due to 
shrinkage. The coefficient of variation for the No. 1 KD 
control lumber exceeds one, which indicates the in-
fluence of those pieces that exhibited negative shrinkage 
(lengthened). 
The individual data are shown in cumulative plots in 
Figures 9 and 10. For later comparisons, the shrinkage is 
given in these figures for an estimated 5% moisture con-
tent loss taken as one-fourth of the shrinkage from 30% to 
10%. This assumption of I inearity is reasonably sup-
ported by comparing relative magnitudes of averages 
within the rows of Table 3. The shrinkage for the moisture 
change 30% to 20% is about half of that for the moisture-
change 30% to 10%. In these cumulative plots, the 
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shrinkage data have been sorted into an ascending set be-
ginning with the lowest value and proceeding in order up 
to the highest. This allows graphic description of the 
manner in which the values are distributed. For example, 
to find the shrinkage value below which 40% of the data 
lie, start at .4 on the vertical scale and proceed horizontal-
ly to an intersection with the path of the data points. 
Dropping down from this intersection to the 'X' axis gives 
the shrinkage value. In a similar fashion, any particular 
partitioning of the data can be evaluated by reading the 
chart at several points. 
The control lumber, indicated by a path of x symbols 
in Figures 9 and 10, is seen to be rather tightly grouped in 
both graphs and are further grouped about much lower 
values relative to the CJ lumber, which is indicated by a 
path containing + symbols. The symbol w was used in 
place of either an x or a+ in the respective plot paths to 
indicate that the particular piece also warped severely 
during the drying process. Only one piece in the N2KD 
control lumber exhibited such warp, and none of the 
pieces in the N1 KD control lumber showed this charac-
teristic. The N 1 KD CJ lumber exhibited warp in about 
half the cases in the upper half of its shrinkage range. The 
N2KD CJ lumber exhibited warp quite evenly distributed 
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Figure 11. The straight line on this chart represents the rise in the theoretical truss due to shortening of the lower chord 
by the percentage indicated by the horizontal axis. 
over its entire shrinkage range. Of course, the severity of 
warp would be greatly reduced in the actual production 
case because the lumber is restrained in the kiln stack and 
is also restrained to a degree in the installed truss. The 
warp is singled out here because of its association with 
lumber that tends toward high longitudinal shrinkage. 
Given this observational insight into the nature and 
magnitude of longitudinal shrinkage, the next step is to 
examine its possible influence on trusses. To do this, a 
4/12 slope, 32-foot-span Howe truss was selected as an 
example. The first condition set up was that the entire 
length of the lower chord would shorten on a percentage 
basis over the same range of percentages as for shrinkage 
plotted in Figures 9 and 10. The second condition was 
that the plate connections would not deform in the ana-
lytic model of the truss. These conditions produce a 
somewhat higher than actual estimate of rise at the center 
of the model truss but do not alter the conclusions to be 
drawn. The Purdue Plane Structures Analyzer (1 0) was 
used to determine this upward deflection as a function of 
the shortening of the lower chord and the results are given 
graphically in Figure 11. For each chord shortening per-
cent (or shrinkage percent) in the lower chord, a truss 
center-1 ine rise in inches is indicated against the vertical 
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axis. Since this horizontal axis is scaled the same as the 
corresponding axes in Figures 9 and 10, any shrinkage 
data point from the latter figures can be transferred to 
Figure 11 to find the truss rise that would occur if the 
entire lower chord shrunk exactly that amount and no slip 
occurred at the truss joints. Actual trusses would rise a 
lesser amount, but, even if the discrepancy is as much as 
one-half, the amount of rise can be significant. Lumber 
shrinking beyond 0.1 percent would result in a theoreti-
cal rise of approximately 0.4 inches or at least an estimat-
ed 0.2 inches in the actual truss. Figures 9 and 10 show 
that something less than 10% of all of the lumber did 
shrink this much or more. This probable occurrence of 
higher lumber shrinkage fits logically with the field obser-
vations that significantly-rising trusses are also a probable 
occurrence. All trusses might rise to some degree with a 
moisture differential between upper and lower chords of 
5%, but many of these upward deflections will be small 
and will not produce visible ceiling-partition separation 
because of nailing constraint at the top of the partition 
and because of a certain degree of flexibility in the finish 
construction. 
The data in Figures 9 and 10 and the chart of Figure 10 
can be used to answer another question relative to the 
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trusses that may be fabricated with lumber such as in 
the control group, but with a high initial moisture con-
tent. If the lower chords of these new trusses are buried in 
warm insulation at the beginning of the heating season, 
it is possible that these lower chords will dry much faster 
than the upper chords, causing the same rising effect. If 
the moisture difference thus developed is more than 5%, 
(assume 1 0%), then all of the points in Figures 9 and 10 
would move twice their present distance to the right, and 
even some of the more stable lumber could shrink 
enough to develop significant truss rise during that first 
heating season. In subsequent years, these trusses would 
not be expected to rise a significant amount, and cosme-
tic repairs made after the initial drying of the trusses 
would probably end the problem. 
An overall view of the results of this study indicates 
that longitudinal shrinkage as observed in the experi-
ments is quite variable and spreads over a higher and 
wider range when juvenile wood and highly detectable 
quantities of compression wood are present. High mois-
ture content, even in stable lumber, can cause problems 
when conditions allow more rapid drying of the lower 
chord. The latter problem is likely to occur only once. If 
the lumber is unstable (high shrinkage rates) then the 
truss-rise problem is more likely to occur and I ikely to 
recur in subsequent years because the lower chords have 
a chance to come to equilibrium with the upper chords 
during the summer, causing a downward movement 
toward the original position. Development of a moisture 
differential in the next heating season will cause the 
unstable-lumber trusses to repeat the larger amount of 
rise at the center. 
While the rising truss is not the only possible cause of 
the ceiling-partition separation, the risk of encountering 
this cosmetic problem can be reduced by giving attention 
to the truss. Risk with the truss can be reduced by taking 
steps ta protect lumber and trusses from wetting and by 
avoiding the use of wet lumber in fabrication. Further, 
avoiding the use of lumber with juvenile and readily de-
tected compression wood in truss chords will reduce the 
risk of the more aggravating problem of seasonal repeti-
tion of rising trusses. 
Observations and Comments 
The intent of these studies was to isolate the cause or 
causes of CFPS occurring in residential and light-frame 
construction. Identification of the cause or causes is 
necessary before any solution to the problem can be 
formulated. 
In summary, one can safely state that CFPS does not 
occur in every structure, nor does it occur solely with 
truss construction. However, the phenomenon is most 
prevalent with trusses, probably because the great major-
ity of roofs are now constructed with trusses. CFPS has 
been recorded for almost every conceivable truss con-
figuration and connector-type, including nail-glued 
plywood designs. 
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Figure 12. Several examples showing warping and 
bowing. 
One of the most probable causes of CFPS can bed ir-
ectly related to wood-moisture relationships . Using 
lumber with relatively high moisture content, either from 
inadequate drying or from exposure to the elements, can 
result in subsequent shrinkage, especially when put into a 
heated structure. Adding to this, lumber containing a high 
percentage of compression and juvenile wood will shrink 
excessively along the grain (longitudinally). As the 
lumber in the lower chords of the truss absorbs the heat 
from the I iving area, the wood moisture content wi II be 
lowered to levels of 7-9%. This will cause lower chord 
shrinkage. If there is also a high humidity condition in the 
attic, the rest of the lumber will stabilize at a higher mois-
ture content, causing the upper chord to stay the same 
length or to increase in length. The moisture differential 
thus developed between chords will cause the 'arching' 
effect. 
Also recorded from field observations is the occasion-
al undesirable practice of pulling-out the camber some-
times built into longer-span trusses. Placing shims or 
spacers under the truss at the juncture of the partitions is 
recommended instead of pulling-out the camber. 
Eliminating the ceiling drywall nails 12-16 inches 
back from the partition walls has also often disguised 
movement. Molding, nailed to the ceiling along each side 
of the walls, also disguises the problem by allowing the 
ceiling to move without showing cracks. 
Providing a ceiling vapor barrier, keeping the soffit 
vents open, and eliminating venting of clothes dryers and 
kitchen vents into the attic can all help to reduce humidity 
in the attic and, consequently, reduce the risk of upper 
chord length increase due to moisture content increase. 
While the above discussion has been confined to the 
roof truss, the same phenomenon can occur with floor 
trusses when conditions exist that cause a moisture differ-
ential between upper and lower chords. 
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In any case, CFPS does not appear to be a structural 
problem. However, from personal observations, web 
members and lower chords have been cut to 'cure' the 
problem, thereby causing a loss of integrity of the truss. 
Altering the truss without contacting the truss designer 
should be avoided. In addition, several of the cases of 're-
currence' have included trusses which have been altered. 
Therefore, there is no assurance that cutting the webs or 
lower chords will eliminate a recurrence of CFPS. 
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APPENDIX 
Project II, Five-Truss Set-up 
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END ELEVATION 
] .. 26'-0" ~I 
LONGITUDINAL SECTION 
Truss No. 1 2 3 4 5 
Southern pine D. fir-larch Southern pine S.P.F. Hem-fir 
Species juvenile random random with random random 
compression some juvenile 
Grade No.2, K.D. No.2, S-dry No.2, K.D. No.1, S-dry No. 1, S-dry N. 
1979-80 Gage No. 1 2 1 2 1 2 1 2 1 2 
(first season) Dates (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) 
Heat on (65°F) Oct. 26, 1979 47 154 60 154 54 153 63 155 61 54 
Mar. 13, 1980 29 136 55 149 41 140 56 149 61 54 
Arching 18 18 5 5 13 13 7 7 0 0 
Jun.12, 1980 44 151 60 154 51 150 61 153 61 54 
M.C. (o/o} heated-b.c. 8 8 8 8 8 8 8 8 8 8 
unheated-t.c. 12 12 11 11 12 12 12 12 12 12 
1980-81 Oct. 2, 1980 48 155 63 156 56 155 65 157 63 56 
(2nd season) Feb. 12, 1981 30 137 57 150 42 141 60 152 61 54 
Heat on (65°F) Arching 18 18 6 6 14 14 5 5 2 2 
Apr. 2, 1981 48 155 61 154 55 154 64 156 65 58 
M.C. (0/o) heated-b.c. 8 8 8 8 8 8 8 8 8 8 
unheated-t.c. 12 12 11 11 12 13 11 11 11 11 
1981-82 
(3rd. season) Jan. 1982 47 154 60 154 54 153 63 155 61 54 
No heat-
insulation removed 
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- R-30 
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Truss No. 1 2* 
Species Hem-fir S. Pine 
random random 
Grade #1,s-dry N #1,dn.KD 
1979-80 Dates 
(first season) Gage (mm) (mm) 
m.c.(%) at time Bot. chord 16% 19% 
of insulating Top chord 15% 19% 
Heat on (65°F) 12/15/79 47 49 
Heat off 4/3/80 40 43 
Arching 7 6 
m.c.(%) Heat. b.c. 10% 10% 
4/3/80 Unh. t.c. 12% 12% 
1980-81 
(2nd. season) 10/10/80 49 50 
Heat on (65° F) 1/9/81 42 44 
Heat off 2/28/91 42 44 
Arching 7 6 
m.c.(%) Heat. b.c. 8% 8% 
2/28/81 Unh. t.c. 13% 12% 
5/25/81 49 50 
1981-82 
(3rd. season) 1/82 49 50 
no heat 
* Lumber from TPI wedge study 
Project Ill, Ten-Truss Set-up 
- • R-30 
24 '-0" 
3 4* 
S-P-F S. Pine 
random random 
#1, s-dry #1,dn.KD 
(mm) (inm) 
15% 20% 
14% 20% 
34 40 
27 33 
7 7 
1( 
10% 9% 
12% 11% 
37 43 
29 35 
29 35 
8 8 
8% 8% 
13% 13% 
37 43 
37 43 
ridge vent (construction also includes 
gable ladder panel overhang) 
all members 2 x 4 # 
3/s" plywood sheathing 
- gages line ----
open soffit 
5 6* 7 8* 9 * 10* 
S. Pine S. Pine D. fir-L S. Pine S. Pine S. Pine 
some juv. random random random some juv. random 
#2-KD #1,dn.KD #2,s-dry #1,dn.KO #1,dn.KD #1,dn.KD 
(mm) (mm) (mm) (mm) (mm) (mm) 
19% 21% 15% 19% 17% 18% 
19% 20% 16% 18% 18% 19% 
60 55 55 52 56 60 
50 48 48 46 46 51 
10 7 7 6 9 10 
10% 10% 11% 10% 10% 10% 
12% 12% 13% 12% 12% 13% 
61 58 57 55 59 64 
51 50 49 47 50 56 
51 50 49 47 50 56 
9 9 8 8 9 8 
9% 9% 8% 8% 9% 8% 
14% 13% 12 12% 13% 12% 
61 58 57 56 59 65 
61 58 57 55 59 64 
Note: After fabrication, al.l trusses were rain-soaked several times prior to erection. 
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